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1 . A liquid crystal compound of general fonnula (I) 




(I) 

where X is O, S or Se, 

each arid are independently selected fiom cyanoCb^g^optignally^bM^ 
hydroca rbyl, optionally substituted alkoxy, optionally substituted heterocyclyl^ a 
group R^^C(0)0- where R^'^ is optionally substituted hydrocarbyl or carboxy or a 
hydrocarbyl ester or amide thereof, provided that at least one or group r' or R^ is 
other than cyano or halo, 

each R^ and R^ is independently selected fiom halo, nitro, lower alkyl optionally 
substituted by halo, or a group R'^C(0)0- where R'^ is optionally substituted 
hydrocarbyl, 

nis 1 or2,mis0, l,2or3,pisl or2andqi50or l,providedn + mdcesnotexceed * 
4 and p + q does not exceed 2, and furtim provided the compounds are olh^ than a 
compound of fonnula (A) or (B) 




(A) 

where R" is aCj^ allg4 group; 

R" is H, or a Ci.ualkyl or Cz-izalkenyl group, either of which may be qptioirally 
substituted by one CN or CF3 group or one or more halogen atoms; and wherein one 
or more -CH2-grovips in the alkyl or alkenyl groups is optionally replaced by -0-, -S-, 
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-C(0)-, C(0)0-, -0C(0)' or -0C(0)0- provided that oxygen and sulphur atoms are 

not directly linked to each other; 

A' and A" are indepedentiy selected from: 

a) a trans-1 ,4-cyclohexylene residue in vrhich one or more non-adjacent CH2 groups 
can be rq)laced by -O- and/or -S-; 

b) a 1,4-cyclohexenyl residue; 

c) a 1,4-phenylene residue in which one or two CH groups can be replaced by N; 

d) a residue from the group U4-bicyclo(2,2,2)-octylene,piperidme-1.4^yl, 
naphthalene-2.6-diyl, decahydronaphthalene-2,6-diyl and 1,2,3,4-tetra- 
bydronaphtahlene-2,6-diyI; 

whereby residues a), b) and c) can be substituted by CN, CI, or F, 
^ Z" and Z'" independenUy represent -C(0)0-, -0C(0)-. -CH2O-, -OCH2-, -CH2CH2-, 

-CHK3I-, -CsC- or a single bond and 
g is 0»1 or 2 




(B) 

where 

each Ar is a bond or a spacer group such as a C2.3oaIkylene or C2.3oalkenylene group, 
optionally substituted with Ci^alkyl, iluoro^ chloro, bromo, cyano, or hydroxy, and 
optionally interposed wife one or more -0-, -S-. -NRS -COO-, OCO, OCOO 
or CO; 

each M is independently selected from optionally substituted aliphatic, aromatic, 

heteroaliphatic or a heteroaromatic ring system, 

X' is O. S, COO, OCOO, CONH or CONR^ where is Ci^alkyl; 

e and f are independently selected from 0,1 or 2, 

each Y' group is independently selected from O, S, COO, OCO, OCOO, CONH, 
NHCO. CO^lR^orNR''CO where R*' is as defined above; 
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is independently selected fiom hydrogen, cyano or a polymerisable 



group; 



and further 



irther provided that the compound is other than a compound of formula 



H„Cg 
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OCHjCHjCH(CN)CH« 





2. A compound according to claim 1 wherem n is I, and m is 0 or 1. 

3. A compound according to claim 1 or claim 2 wherein no more than one of &e 
groups R* and is fluoro. ^ 

Y\ AcompoundaccordingtoanyoneoftheprecedingclaimswliereoneofR or 

' R3.iscyanoorhaioandtheotiierisoptionaUysubstitutedalkyl.optionally8u1)Stita^ 
cydoalkyl, optionally substituted alkenyl, optionally substituted alkynyl, an 
optionaUy-substituted aryU optionaUy substituted heterocyclyl, caAoxy or an ester 
thereof. 



5. A compound according to m^one^qfjfee preceding claims wherein R or R 
^-"^^where these are other than cyano or halo are selected from groups of formula (i), (ii), 
(iii). (iv), (v), (vi). (vii) or (viu) 




where x is 0 or 1, R'** is an Ci.joalkyl group, and y and z are independently selected 



fiomO, lor2. 



6. A liquid crystal compound according to claim 1 which is of general formula 
(lA) 
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where X is oxygen^ sulphur or selenium> and R^^ are independently selected &om 
hydrogen, cyano, halo* optionally substituted hydrocaibyl, optionally substituted 
heterocyclyl or carboxy or a hydrocaibyl ester or amide thereof, provided that at least 
one group R^' or B}^ is othn than hydrogen; 

17 IB ^ 

one of R or R is cyano, halo, optionally substituted hydrocarbyl, optionally 
substituted heterocyclyl or carboxy or a hydrocarbyl ester or amide thereof, and the 
other is hydrogen, halo, nitro, lower alkyl optionally substituted by halo, or a group 
R^^C(0)0- where R^^ is an optionally substituted hydrocarbyl group; 
R^' and R^ are independently selected fixmi hydrogen, halo, nitro, lower alkyl 
optionally substituted by halo, or a group R^'^C(0)0- where R^^ is as defined above; 
subject to the provisos that* 

(i) at least one group R^* or R^^ or R^^ or R^' is other than cyang^halo; 

(ii) where X is S» R^^ is caifaoxy or a hydrocarbyl ester or amide thereof, R^^ is 
/ hydrogen, R^ and R^^ are not both fluoro; 

^ Qu) where X is O, R^ is an optionally substituted hydrocarbyl or carboxy or a 
hydrocarbyl ester or amide fiiereo^ R^^ is hydrogen, and R^^ and R^ are both 
fluorine, flien R^'^ is odier than Cx^ alkyl. 



7. A compound according to claim 6 wherein one of R'** or R^^ or R" or R^*in 
fbrmula (lA) is cyano or halo and at least one of the said groups on the other ring of 
Ae bicyclic ring of formula (lA) is optionally substituted alkyl, optionally substituted 
cycloalkyl, optionally substituted alkenyl, optionally substituted alkynyl, an 
qpti onally substituted ar yl. optionally substituted heterocyclyl, caiboxy or a 
hydrocarbyl ester thereofl 

8. A compound according to claim 1 of formula (II) 




R9 

V 



n6 
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wherein is a group as defined above in claim 1 , one of R^ and R^ is a gcoxxp R^ 
as defined in claim 1 and Uie other is hydrogen or a group R^ as defined in claim 1 ; 
R* is hydrogen, cyano or fhioro, 
R^ is hydrogen, cyano or fluoro, 

provided that where R^ is cyano or fluoro, at least one of R^ or R* is optionally 
substituted alkyl, optionally subsituted cycloalkyl, optionally substituted alkenyl, 
optionally substituted alkynyl^ optionally subsituted alkoxy, optionally substituted 
aryl, optionally substituted heterocyclyl, carboxy or an ester thereof; and where one of 
R^ or R^ is cyano or fluoro and the other is hydrogen* R^ is optionally substituted 
alkyl, optionally substituted alkenj^, optionally substituted alkynyl, optionally 
substituted alkoxy^ optionally substituted aryl, optionally substituted heterocyclylg 
carboxy or an ester tfaereol 

9. A compound according to claim 8 of formula (TLA) 

F 




where R^ is cyano or fluoro, preferably fluoro, one of R^' and 
R' is hydrogen and the other is an optionally substituted 
hydrocarbyl group or a heterocyclic group as described above. 



riOl A compound according to claim 9 wherein at least one of R^' or R*' is a group 
Lof sub-formula (i), (ii), (iii), (vi) or (viii) as defined in claim 5. 



/ ^ oxy 



A liquid crystal coio^un4 according to any one of claims 1 to 7 where X is 
oxygen. 



12. A liquid crystal compound according to claim 8 which comprises a compound 
of formula (II) where R* is hydrogen or fluoro, and R' is hydrogen or fluoro. 
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tsl A liquid crystal mixture comprising a compound according tojmy one-Of Jhe 
precedingdaimg^ 

X J X^^' ^ Vi^yji^A crystal mixture according to claim 13 which comprises.atjeast two 



y^^O " different compounds ac.c»j:ding.to.anyj;>ne-of jclefe^^ 

A liquid crystal device such as a liqixid crystal display device (LCD) 




comprising a^c^pound according to any on ^ of claims Ijp J 2"or a mixture according 
cT to claim 13 or c laim 14. 



A liquid crystal compound according to any one of claims 1 to 12 or a mixture 
according to claim 13 or claim 14, which has electioclinic properties. 

An electroclinic device comprising a liquid crystal compound or a mixture 
^ according to claim 16. 

/ ^^y^ ^ liquid crystal compound according to any one of claims 1 to 12 or a mixture 
\^ according to claim 13 or claim 14, which has cholesteric properties. 

, i i-^ A device comprising a hquid crystal compound or a inixture according to 
^ claim 1 8, wherein said device is a thermoptic, thermographic or electro-optical 

device. 

^^^t A liquid crystal compound according to any one of claims 1 to 12 or a mixture 
/ according to claim 13 or claim 14» which has ferroelectric properties. 

^^^^^^ A ferroelectric device comprising a liquid crystal compound or a mixture 
according to claim 20. 

^^^2< A liquid crystal compound according to any one of claims 1 to 12 or a mixture 



V 



according to claim 13 or claim 14, which has flexo-electric properties. 



J / A. flexo-electric device conqnising a liquid crystal compound or a mixture 

V ! — according to claim 22, 
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/l4> AUcpudcrystalcompomdaccordingtoanyoneofclam^ 
^conJingto claim 13 or cUdm 14, which has pyro-electric properties. 

^i? ApyrowslcctricdevicecomprismgaUquidcrystalcon^^undoran^ 
according to claim 24. 
^ 26. Amethodofprq.armgaUq«idcrystalcompoundofgerierdfo^^ 




(0 

whcreXisO.SorSe. 

each R» and are independently selected fiom cyano, halo, optionally substituted 
hydrocaibyl. optionally substituted alkoxy. optionally substituted beterocyclyl, a 
group R"C(0)0- where R'^ is optionally substituted hydrocaibyl or carboxy or a 
hydrocarbyl ester or amide thereof, provided that at least one or groiq) R' or R is 
Other than cyano oi halo, 

each R' and R* is independently selected from halo, niiio. lower alkyl optionally 
substituted by halo, or a group R"C(0)0- where R'* is optionally substituted 
hydrocarbyl, 

n is 1 or 2. m is 0. 1 . 2 or 3, p is I or 2 and q is 0 or 1 . provided n + m does not exceed 
4 and p + q does not exceed 2, 

which method comprises either (i) reacting a compound of formula (HI) 
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where R^, R^, R^, X> n. m. p and q are as defined in claim 1, and Z is either a leaving 
group or a group B(OH)2j with a conq)ound of fbtmula (IV) 

R^-Z* 

(IV) 

where R^ is as defined in relation to formula (I) and Z' is a group B(OH)2 where Z is a 
leaving group, or a leaving group where Z is a group B(OI^2; or 
(ii) reacting a compound of formula (V) 




(V) 

where R', R^R^ X, n, m, p and q are as defined in relation to formula (I), and Z is as 
defined in relation to foimula (10), with a compound of formula (VI) 



R'-Z* 
(VD 

-where R^ is as defined in relation to fonnuia CO and Z' is as defined in relation to 
fonnula 0V), or 

(iii) whue q is 0 andp is 1 and is a carboxy group, carboxylating a compound of 
formula (DO 




(IX) 
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were R^ R.*, X, m4i and q are as defined in relation to formula 0), and R^' is a group 

as defined in relation to fonnula (J) or a. precursor thereof; with a carboxylating 
agent, and thereafter acidising tiie j»roduct with an acid such as glacisd acetic acid, or 
(IV) where q is 0, reacting a con^iound of fiumula (XIIJ) 

(xm) 

where R*', R^ X, n and m are as defined above, witii a compound of formula pQV) 



HOaC-R^' 
(XIV) 

where R^* is a group as defined in relation to formula (I)or a precursor thereof^ 
and thereafter, if necessary, changing any groups R\ R^ or R* to different such 
groups. 

27. A liquid crystal compound of general fomiula (I) 




whereXisO, SorSe, 

wherein one of R^ or R^ is cj^no, and the other is optionally substituted hydrocarbyl, 
optionally substituted alkoxy, optionally substituted hetaocyclyl, a group R^^C(0)0- 
where R^^ is optionally substituted hydrocarbyl or carboxy or a hydrocaibyl ester or 
amide thereof. 
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each and R'^ is indqpendently selected fiom halo, nitro> lower alkyl optionally 
substituted by halo, or a group R**C(0)0- where R** is optionally substituted 
hydrocaibyl, 

nis 1 or2,misO, l,2Qr3)pis 1 or2andqis0or Itprovidedn-^mdoesnotexceed 
4 and p + q does not exceed 2. 



A liquid crystal compound which is of general ibnnula (lA) 




where X is oxygen, sulphur or selenium, R^^ and R^** are independently selected from 
hydrogen, optionally substituted cycloalkyl or optioiiril y substituted phenyl provided 
that at least one groi^ R^* or R^^ is other than lydrogen; 
one of R'^ or R^* is cyano. halo, optionally substituted hydrocaifoyl, optionally 
substituted heterocyclyl or caxboxy or a hydrocarbyl ester or amide thereof, and the 
other is hydrogen, halo, nitro, lower alk^ optionally substituted by halo, or a group 
R^^C(0)0- where R^^ is an optionally substituted hydrocarbyl group; 
^^^^^andl^are independently selected from hydrogen, halo, nitro, lower alkyl 
optionally substituted by halo, or a group R**C(0)0- where R^^ is as defined above; 
subject to the provisos that: 

(i) wh«e X is S, R" is caiboxy or a hydrocarbyl ester or amide hereof, R** is 
hydrogen, R^andR^arenotbotiifluorojand 

(ii) the compound is o&er than a compoimd 
HA 



OCHjCHaCH(CN)C,H„ 




29, A compound selected from 
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2-(4-Octylox5Tphenyl)-5-(4H)ctylox>^henylethynyl)^ 
(Compound 1) 

Ethyl-S*(4-heptylpheayl)benzo[b]{u]m-2-caitoxyl^ (Compound 2) 
2-Cyano-S-(4*heptylphenyl)beirso|>]furan (Compound 3) 
(2-(4-Heptylphenyl)-5-(4-heptylphenyl)benzo[b]fiir^ (Compound 4) 
4-Hq)tylphenyl 5-(4-heptyIphenyl)bcn2o[b]£uran-2-cafboxylate (Compound 5 ) 
(2-(4-Hq>tylpyrimidinyl>5-(4-heptylphenyl)ben2o[b]fiarm (Compound 6) 
4-Butoxyphenyl 5-(4-heptylphenyI)benzo[b]furan-2-carboxylate (Compound 7 ) 
4-Hexyloxyphenyl 5-(4-heptyIphenyl)benzo[b]furan-2-carboxylate (Compound 8 ) 
4-Pentylphenyl 5-(4-heptylphenyl)benzo[b]fiiran-2-carboxylate (Compound No, 9 ) 
Methyl (2-(4-nonyloxyphenyl)-benzo[b]furan) 5-carboxylate (Compound 10) 
(S)-(+)-4-(2-Methyibutyl)phenyl5-(44ieptyIphenyl)benzo[blfijM 
(Compound 11 ) 

(2-(4«nonyloxyphenyl>-S-cyanobenzo[b]£uran) (Compound 12) 
Methyl (2-(4'beptylphenyl)-benzo[b]furan) 5-carboxylate (Compound 13) 
(2-(4-Heptylph6nyl)-5-cyanobenzo[b]fiu:an) (Compound 14) 
(2-(4-pentylphcnyl)-5-(4-hcptylphenyl)benzo[b]furan^ (Compound 15) 
2-Cyano-5-(4-nonyloxyphenyl)benzo[b]furan (Compound 16 ) 
2-(Hept-l-ynyl)-5<4-hepty^henyl)benzo[b]fliran (Compound 17 ) 
4-Pentylphcnyl 2-(4-heptylphenyI)benzo[b]furan-5-carboxylate (Compound 189 ) 
4-Heptylphenyl 2-(4-hQ)tylphenyl)benzo[b]furan-5-carboxylate (Compound 19 ) 
4-Butoxyphenyl 2-(4-heptylphenyl)ben2o[b]furan-5-caiboxylate (Compound 20 ) 
4-Hexyloxyphenyl 2-.(4-heptylphcnyl)benzo[b]furan-S-carboxyIate (Compound 21 ) 
(S)-(+)^(2-Methylbmyl)phenyl2-(4-heptylphenyl)benzo[b]ft^ 
(Compound 22 ) 

(S)-(+)-l-Methylheptyl 2-(4-heptylphenyl)benzo[b]furan-5-carboxylate (Compound 
23) 

Methyl 2-(4-heptylphenyl)ben2o[b]furan-5-caiboxylate (Compound 24 ) 
2-Cyano-5-(4-propylphenyl)benzo[b]furan (Compound 25 ) 
2-Cyano-5-(4--pentylphenyl)ben2o[b]furan (Compound 26 > 
2-(4-Pentylphenyl)-5-cyanobenzo[b]furan Compound 27 
2-Cyano-5.(4'-pentylbq3henyl)benzo[b]fl2ran (Compound 28) 
2-(4'-PenlylbiphenyI)-5-cyanobenzo[b]fiiran (compound 29) 
2-(4-Heptylphenyl)-S-(4-pentylphenylben20[b]furan (Compound 30) 
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2-<4-HeptyIphenyI)-5-(2,3-difluoro-4-hfiptylphenyI)bcn2o[b]to (Compound 31) 
2'<23-difluoro-4-H^tylphenyl>5-(4-heptylpbenyl)benzo^^ (Compound 32) 
2-(4-Hcptyl)-5-(4-(4-peatylphenyl)plienyl)benzo[b]furan (Compound 33) 
2-Cyano-S-(4-nonylphenyi)benzo[b]fuian (Compound 34 ) 



2-Cyano-5-(4-octylphenyl)benzo[b]furan (Compound 36 ) 

2-(2,3-difluoro-4-Heptylphenyl)-5-(4-heptylpyrimidinyl)benzo[^ (Compound 
37) 

6,7-Difluoro-2-(4-Heptylphenyl)-5-(4-heptylpbenyl)benzo[b]fur^ (Compound 38) 
6,7-Difluoro2-(2,3-dmuoro-4-Heptylphenyl)-5-(4-heptylphcnyl)benzo 
(Compound 39) 

2-Cyano-5-(4-hexylphenyl)ben2o[b]furan (Compound 40 ) 
2-Cyano-5-(4-peniylcycIohe3cyl)benzo[b3furan (Compound 41 ) 
2-(4-Propylphcnyl)-5-cyanoben2o|>]ftiran (Compound 42 ) 
2-(4rHeptylphcnyl)benzoIb]furBn-S-carboxylic acid (Compound 43 ) 
2-(4-hqptyIphenyl)benzo[b]fuTan-5-carboxamide (Compound 44 ) 
(Methyl 2-(4-nonyloxyphmyl)benzo[b]furan-5-carboxylate) (Compound 45) 
2-(4-Nonyloxyiphenyl)bOTZo[b]furan-5-carboxylic acid (Compound 46 ) 
2-(4-Nonyloxylphenyl)benzo[b]fiiran-S-carboxamide (Compound 47 ) 
2-Heptyl-5-(4-cyanophenyl)ben2o[b]fuian {Compound 48 ) 
2-(4-pentylphenyl)-5-bTomobenzo[b]furan (Compound 49 ) 
(2-(4-pentylphenyl)-5-(4'-cyanophenyl)benzo[b]furan) (Compound 50) 
2-(4^Cyanobiphenyl)-5-pentylben2o[b]furan (Compound 51) 
2-PentyI-5-(4-(4'-cyano)biphenyl)benzo[b]furan (Compound 52 ) 
5-(4'-Peutylcyclohexyl-4-phenyl)ben2o[b]fliran2-carboxylic acid (Compound 53) 
(5-(4'-Pentylcyclohexyl-4-phenyl)benzo[b]furan2-^aA (Compound 54) 

2-Cyaao-5H;4^trans-pentylcyclohexyM-phenyl)benzo[b]fura^ (Compound 55 ) 
2-Cyanobenzo[b]furan-5-trans-(oxycarbonyl^pentylcyclohexane) (Compound 56 ) 
2-(3,4-Difluoropheayl).5-(4.heptylplienyl) benzo[b]fixran (Compound 57) 

6,7-Dmuoro-2K2-fluoro.(4-pentylphenyl)phenyl)-5-heptyl.ben2o[b]f^^ 

58) . . 

6J-Difluoro*2K4'heptyIphcnyl)-S<2,3-difluoro^hq>tylphOT^^ 
(Compound 59) 

Ethyl-(2-heptyl)-benzo[b]furan-5-carboxylate (Compound 60) 



2-(4-Cyanophenyl)-5-(4*-pentylphenyl)ben2o[b]fiiran (Compound 35 ) 
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2-Heptyi-5.hex-2ynyl-benzo[b]furaii (Compound 61) 

(SH+>1-Meihylheptyl 5K4-hq.tylphenyl)benzo[b]fiiraii-2-caiboxylate (Compoimd 
62) 

Ethyl2-(+-hq,tyipheDyl)ben2o[b]furan-5-carboxyUte (Coxnpound 64 ) 
4.P«itylphenyl 2K4.heptylpbenyl)benzotb3fuxaii-5-carboxylate (Compound 65 ) 
2.5-Bis-(4-bepty!pbenyl)benzo[b]furan (Compound 66 ) 
H4-Hepty^cayl)-2.(4.pentylpheflyl)-benzo[b]fton (Compound 67 ) 
2K5-Heptylpyiinudm-2-yl)-5K4-heptylphenyI)benzo[b3fu^ (Compound 68 ) 
2K3 ADifluoiophenyi)-5-(4-beptylplienyl)ben2o[blfton (Compound 69 ) 
2-(2>Difluoto^heptylphenyl)-5-(4-hq,ty^henyl)ben^^^ (Compound 70 ) 
2<4.heptylpheayi)-5.(hept.l.ynylphenyl)benzolb]fiiran (Compound 71 ) 
2.(4.Hepty^heny!)-5-(4.pentylpbeayl)benzo[b]furan (Compound 72 ) 
5K2,3.Diflttoro^beptylpbenyl).2-(4-heptylpbenyl)-benzo[b]&^ (Compound 73 ) 
2K2 3-Dmuoro-^beptyl)-5-(5-heptylpyrimidin-2-yl)benzo[b]f^ (Compound 74) 
6,7-Difluoro-5^4-heptylphenyl)-2<4.pentylphcnyl)ben2oIb]£i^ (Compound 75 ) 
6!7-Difluoro.2K2.3-difluoro-^heptylphenyl)-5-(4.heptylpbenyl)beM^^^ 

(Compound 76 ) 

2K4.Heptylpbenyi)-5-(2.3^£luo«>^heptyl)-6,7^fluorobenzo[b]f^ 
77) 

2.(2-nuoro-4'-pentylbipbcny W-difluoro-5-beptylben2o[b]l^ (Compound 78) 
5-(4-Heptylphenyl)benzo[b]thiopbene-2-carboxytic acid (Compound 100 ) 
5-(4.Heptylphenyl)benzo[b]tbiophene-2.carboxamide (Compound 101 ) 
2-Cyano-5-(4-hepty^hcnyl)benzotb]thiophene (Compound 102 ) 
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